7-oxo-8-aminopelargonic acid -* DAP -+ desthiobiotin -+ biotin.
In a previous study by Rolfe and Eisenberg (9) , the following sequence of reactions was proposed for the synthesis of biotin based on genetic and I biochemical evidence: pimelic acid -7-oxo-8-II aminopelargonic acid (7-KAP) - (6, 8, 11 2 Presented at the 53rd Annual Meeting of the Federation of American Societies for Experimental Biology, Atlantic City, N.J., [13] [14] [15] [16] [17] [18] April, 1969. MATERIALS AND METHODS Bacterial strains. The biotin-requiring mutants (bioA105, bioA302, and bioA310) used in this study had been isolated from cultures of E. coli K-12 strains Y1O-l and HfrH and have been described elsewhere (9) .
Media. Penassay Broth and nutrient agar were Difco products. The basal medium contained per liter of glass-distilled water: 6.8 g of KH2PO4, 1.0 g of (NH4)2SO4, 0.1 g of MgSO4.7 H20, 10 mg of Ca (NO3)2.4 H20, and 0.5 mg of FeSO.47 H20. The solution was adjusted to pH 7.0 with NaOH and sterilized in the autoclave. The following were separately filter-sterilized and added aseptically to each liter: 2.0 g of D-glucose, 0.1 g of L-leucine, and 5.0 mg of thismine hydrochloride.
Resting cells. All cultures were incubated at 37 C with continuous shaking (120 oscillations/min) in an incubator-shaker (New Brunswick Scientific Co., New Brunswick, N.J.). Penassay Broth (2 ml) was inoculated from a nutrient-agar-slant stock culture and incubated for 18 hr. The cells were harvested by centrifugation, washed twice with 0.9% saline, and suspended in 5 ml of saline. The cell concentration was determined turbidimetrically with a Klett photoelectric colorimeter using a no. 66 filter. A 2-ml portion of basal medium containing 0.1 ng of biotin per ml (minimal growth medium) was inoculated to give a final concentration of 1.5 X 101 cells per ml. A second tube containing only basal medium was also inoculated, and it served as a control for reversion of the inoculum. After incubation for 18 hr, the biotincontaining culture was inoculated into 100 ml of minimal medium. If larger quantities of cells were required, the 100-ml cultures were used as inocula for 1-liter volumes. When the stationary phase of growth had been reached, the cells were harvested by centrifugation in the cold. These cells were either washed twice with saline and used immediately or derepressed prior to use.
Derepressed cells were prepared by resuspending resting cells in the same volume of basal medium and incubating them for 2 hr at 37 C with shaking. Under these conditions, the turbidity usually doubled. After derepression, the cells were harvested, washed, and suspended to the desired concentration in saline.
Repression. For repression studies, cells were grown in minimal growth medium, harvested by centrifugation, and washed in saline. The cells were distributed equally among ten 100-mi portions of basal medium contained in 300-ml Erlenmeyer flasks. Sufficient sterile biotin was added to the flasks to give a final concentration varying from 0 to 5 ng per ml. The flasks were incubated for 2 hr, harvested by centrifugation, washed twice with saline, and then assayed for desthiobiotin-synthesizing activity.
Desthiobiotin synthetase activity. Desthiobiotinsynthesizing capacity was determined in a 1-ml reaction mixture containing the following: 2 mg of cells (dry weight), 150 ,umoles of potassium phosphate buffer (pH 7.5), 200 nmoles of dl-7, 8-diaminopelargonic acid hydrochloride, and other additions as noted. The reaction mixture was incubated in a New Brunswich water bath-shaker at 37 C with continuous agitation. The reaction was started by adding the cells and was terminated by centrifuging at 4 C. The supernatant fluid was decanted, and a sample was analyzed for desthiobiotin content by microbiological assay.
Determination of desthiobiotin. Desthiobiotin levels were determined by a bioassay procedure using a group III mutant, bioA302. Members of this mutant group have been shown to grow only in the presence of biotin or desthiobiotin (9) . Quantitation of the growth response of this organism was accomplished by a modification of the turbidity assay of Snell (10) , by using basal medium, or by the disc assay of Genghof, Partridge, and Carpenter (4) by using basal medium containing 2% agar and 0.001% 2,3,5-triphenyl-2H-tetrazolium chloride. Authentic samples of desthiobiotin were used as standards. The two assay procedures agreed closely and were used interchangeably.
Chromatography and electrophoresis. Ascending chromatography was carried out with either Whatman no. 3MM paper or thin-layer silicic acid-coated polyester sheets by using a solvent system consisting of n-butyl alcohol-acetic acid-water at a ratio of 60:15:25. Paper electrophoresis was performed with a Spinco-Durrum cell at 300 v for 3 hr by using 0.025 M sodium citrate buffer (pH 3.0). For the chromatograms, the position of biotin vitamers was revealed by bioautography with bioA302 or yeast as the responsive organism, whereas migration sites of biotin vitamers on electropherograms were demonstrated either by bioautography, as above, or by the punch-out technique previously described (2) .
Reagents. d-Desthiobiotin was synthesized from d-biotin by the method of Melville et al. (7) . It contained less than 0.02% biotin, as determined by bioassay with a group IV organism which can only grow on biotin. dI-7,8-Diaminopelargonic acid was prepared from dI-desthiobiotin ( Further evidence of the identity of the newly synthesized vitamer with desthiobiotin was obtained by paper electrophoresis at pH 3.0. Figure 1 shows the migration of the components present in the reaction mixture and in the control mixture containing no cells. To obtain a high order of bioautographic resolution, the punch-out technique (2) was used to determine the mobility of the vitamers. In the control, only one biologically active compound was observed, migrating 8.8 cm toward the cathode. In the reaction mixture, two components were present which migrated 1.0 and 10.2 cm toward the cathode. These values are not corrected for electroendosmosis. Under similar conditions, an authentic sample of desthiobiotin remains near the origin, whereas DAP migrates 9.3 to 10.8 cm toward the cathode.
Optimal conditions for desthiobiotin synthesis. For these studies, a derepressed culture of bioA105 resting cells was used. Figure 2A shows the time-course of desthiobiotin synthesis from DAP. The rate was approximately linear up to the first hour, and then it gradually decreased. Figure  2B illustrates the direct proportionality of desthiobiotin formation with increasing DAP concentration over the range 0 to 100 nmoles per ml. The system was saturated above 150 nmoles per ml, at which point desthiobiotin formation represented 2% conversion of the substrate, based Fig. 2C were obtained. Desthiobiotin formation was directly proportional to cell concentration up to about 4 mg (dry weight) per ml, and for most of the experiments a concentration of 2 mg (dry weight) per ml was used. When the reaction was studied at various pH values by using 0.15 M phosphate buffer from pH 6.0 to 7.9 and 0.15 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer from pH 7.5 to 9.1, a sharply defined rate maximum was found at pH 7.3 (Fig. 2D) . There was no apparent difference in activity upon changing from phosphate to Tris buffer.
Effect of biotin on desthiobiotin synthesis. Studies by Lichstein et al. (8) have shown that the synthesis of biotin from desthiobiotin in resting cells of a wild-type strain of E. coli was inhibited when the cells had been grown in the A similar observation was made with E. coli biotin mutants capable of synthesizing 7-KAP in cell-free extracts (3). When bioA105 resting cells suspended in basal medium containing varying concentrations of biotin were incubated at 37 C with shaking for 2 hr, a decrease in desthiobiotin-synthesizing activity was observed. Over the range 0 to 3 ng of biotin per ml, there was a 67% decrease in activity (Fig. 3) . When 50 ,ug of chloramphenicol was added to the reaction mixture to inhibit protein synthesis during the relatively long incubation time, identical results were obtained. These data strongly suggest that biotin acts as a corepressor in the control of desthiobiotin synthesis.
Effect of various carbon sources. In an attempt to stimulate the rate of desthiobiotin synthesis and possibly to elucidate the origin of the ureido carbonyl group, various carbon sources were added to the basic reaction mixture. The compounds added and their effect on desthiobiotin accumulation are shown in Table 1 
